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在 EDF 激光器中的调 Q 和锁模激光输出。此外，石墨烯还被证实具有强的三阶
非线性系数，因此能在 EDF 激光器中激发强的四波混频（FWM）效应并用于抑
制 EDF 的强烈模式竞争以获得稳定的多波长激射。 






之后，我们利用 FCDG 型和 GDFT 型 Q 开关在 EDF 环形激光器中实现了调
Q 激光输出。在利用 FCDG 型 Q 开关的实验中，我们利用石墨烯的可饱和吸收
特性和四波混频效应，获得了重复频率 3.3kHz 到 65.9kHz 连续可调， 高脉冲
能量 16.9nJ， 小脉冲宽度 3.7μs 的稳定双波长调 Q 激光输出。在利用 GDFT 型
Q 开关的实验中，我们利用石墨烯聚合物对熔锥光纤锥腰处光导模倏逝场的可饱
和吸收调制作用，获得了重复频率从 10.4kHz 到 40.9kHz 连续可调， 高脉冲能
量 28.3nJ， 小脉冲宽度 2.7μs 的稳定调 Q 激光输出。 


















特性，获得了重复频率 8.024MHz， 高单脉冲能量 0.42nJ， 短脉冲宽度 8.8ps，
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Graphene has received great attention since it is discovered in 2004, and the 
discoverers have won the Nobel Prize in 2010. Obviously, due to its excellent 
properties on electricity, thermodynamics, mechanics and optics, graphene has ignited 
the research upsurge and is considered as the substitute for silicon. In recent years, 
erbium-doped fiber (EDF) lasers have received great attention because their output 
wavelengths locate in the low-loss windows of optical communication. Especially, it 
is believed that the pulse and multiwavelength EDF lasers will be useful in the 
prospective optical detection, capacity expansion and speed improvement of optical 
communication system.   
So far, it has been reported that graphene can provide outstanding saturable 
absorption, which could be used in Q-switched and mode-locked EDF lasers. 
Otherwise, graphene also can provide an ultra-high third-order optical nonlinearity 
and generated a strong four-wave mixing (FWM) in EDF to suppress the mode 
competition and stabilize the multiwavelength oscillation. 
In this paper, we have prepared three deferent type of graphene nonlinear 
device for the experiments of Q-switched, mode-locked and multiwavelength EDF 
lasers. We use the optically driven deposition method to deposit the graphene in fiber 
core for preparing the Fiber cross-section depositing graphene（FCDG）device. We 
also fabricated the graphene-polymer nanocomposite film to stick on the fiber end for 
preparing the Graphene-polymer nanocomposite film（GPNF）device. Base on the 
evanescent optically driven deposition method, we have deposited the graphene on the 
fiber taper for preparing the Graphene-deposited fiber taper（GDFT）device. 
Than, we used the FCDG and GDFT Q-switcher in EDF ring lasers. In the 
experiment with FCDG Q-switcher in laser cavity, basing on the saturable absorption 
and FWM of graphene, we had obtained the stable dual-wavelength Q-switched pulse 
output with the repetition rate from 3.3 kHz to 65.9 kHz, the largest single pulse 















Q-switcher in laser cavity, basing on the saturable absorption induced by the 
interaction between graphene and the evanescent light, we had obtained the stable 
Q-switched pulse output with the repetition rate from 10.4 kHz to 40.9 kHz, the 
largest single pulse energy of 28.3nJ and the shortest pulse width of 2.7μs. 
And than, we utilized the GDFT mode-locker in EDF ring lasers. In the first 
experiment, we had obtained the stable mode-locked pulse output with the repetition 
rate of 7.289 MHz, the largest single pulse energy of 0.59nJ. In the second experiment, 
basing on both the saturable absorption of graphene and the lyot filter composing of 
graphene and polarization controller, we had obtained the stable four-wavelength 
mode-locked pulse output with the repetition of 8.024 MHz, the largest single pulse 
energy of 0.42nJ, wavelength spacing of 1.5nm and linewidth of 0.24nm. 
Finally, we have proposed an asymmetric two-stage PMF Sagnac loop filter, 
whose characteristics were analyzed theoretically with the Jones matrix and 
experimentally confirmed，which can be switched to generate multiple single-, dual-, 
and triple-wavelengths lasing ， and the wavelength spacing could be tuned 
swimmingly. In the experiments, we have utilized FCDG power-equalizing device 
and single-stage PMF Sagnac loop filter to obtain stable eleven-wavelength output 
with the wavelength spacing of 0.54nm, the linewidth less than 0.01nm, extinction 
ratio of 57 dB. We also used GPNF power-equalizing device and two-stage PMF 
Sagnac loop filter to obtain stable multiple single-wavelength (four wavelengths in 
all), dual-wavelength (eight wavelengths in all), and triple-wavelength (twelve 
wavelengths in all) lasing, and the wavelength spacing could be tuned swimmingly. 
And than we used GDFT power-equalizing device and single-stage PMF Sagnac loop 
filter to obtain stable seven-wavelength output with the wavelength spacing of 0.56nm, 
the linewidth less than 0.01nm, extinction ratio of 33 dB. 
In conclusion，our paper has proposed three methods for preparing graphene 
-based Q-switcher, mode-locker and multiwavelength power-equalizing device. The 
results of our experiments have confirmed that the saturable absorption property of 
graphene could be used for Q-switched output lasing, and that graphene can provide 















(FWM) in EDF to suppress the mode competition and stabilize the multiwavelength 
oscillation. Otherwise, we also confirmed that the saturable absorption induced by the 
interaction between graphene and the evanescent light can also be utilized for 
obtaining stable mode-locked pulse output. 
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